PIT1, a member of the POU-domain family of genes, is a positive regulatory factor of growth hormone, prolactin, and thyrotroph-stimulating hormone beta in several mammals. Therefore, PIT1 was chosen as a candidate gene to investigate its association with growth and carcass traits in pigs. The five Iowa State University reference/resource three-generation families consisting of crosses of Meishan x Duroc, Meishan x Hampshire, Meishan x Landrace, Minzhu x Hampshire, and Minzhu x Landrace were used. The three PIT1 polymorphisms were based on two RFLP using a PIT1 POU-domain cDNA probe and the restriction enzymes BamHI and MspI and a PCR/RFLP using RsaI. Birth, 21-d, and 42-d weights, average daily gain, several backfat measurements, longissimus muscle area, muscle color, marbling, and firmness scores were evaluated for their association with the three PIT1 polymorphisms. Mixed-animal-model analyses were used with the informative family data in which the PIT1 polymorphisms were segregating. Results from mixedmodel analyses revealed that pigs with the MspI CC genotype (P < .01) were associated with heavier birth weight (.12 kg) than DD genotype pigs. The MspI CC genotype pigs were also significantly associated with greater average backfat (.41 cm, P < .01), greater first-rib backfat (.45 cm, P < .01), greater last-rib backfat (.32 cm, P < .07), and greater last lumbar backfat (.46 cm, P < .10) than the DD genotype pigs. 
Introduction
Swine breeders have made considerable genetic advancement in some performance traits. Continued improvement may require molecular marker-assisted selection to improve effkiency (Soller and Beckmann, 1982; Rothschild et al., 1990) . Molecular markerassisted selection will first require identification of candidate genes or anonymous genetic markers as- ' This study was supported in part by the National Pork Producers Council, the USDA, and the Iowa Agric. and Home Econ. Exp. Sta., Journal paper no. J-l5660 of the Iowa Agric. and Home Econ. Exp. Sta., Arnes, IA. Projects no. 3038 and 3085.
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The candidate gene approach is justified when genes previously identified in the species of interest or other species have functions related to the traits of interest. Pit-l is a member of the POU-domain family of genes that play important regulatory roles in developmental processes (Herr et al., 1988; Rosenfeld, 1991) . The POU-domain was originally identified as a highly conserved region of 150 to 160 amino acids found in three mammalian transcription factors, Pit-l, Oct-l, Oct-2, and also in the product of the nematode gene unc-86 (Herr et al., 1988; Ruvkun and Finney, 1991) . Pit-l is a pituitary-specific transcription factor that regulates growth hormone, prolactin, and thyroid-stimulating hormone 6 subunit genes (Ingraham et al., 1990a,b; Steinfelder et al., 1992) . Dwarf mice and humans with multiple pituitary hormone deficiencies have been found that lack Pit-l gene activity (Li et al., 1990; PfaMe et al., 1992; Radovick et al., 1992) .
The purpose of this study was to characterize porcine PITl genetic variability in five three-generation referencehesource families of Chinese x American pigs and t o determine its association with performance and carcass traits.
Materials and Methods

Experimental Animals
In 1989, 22 female and 10 male Meishan pigs, 8 Fengjing boars, and 10 Minzhu boars were imported to Iowa State University from the People's Republic of China under a cooperative project that involved the USDNARS, the University of Illinois, and Iowa State University (Young, 1992 
Management and Data Collection
Sows in this study were kept in an outside lot, which had a large shelter during their gestation, and were fed a 15% crude protein diet at a rate of 2 kgld. Just before farrowing, they were moved to a central farrowing house with solid concrete floors. Pens were bedded with straw and contained a creep area. Three to four days after farrowing, sows were moved to 5.5 m long and 4.8 m wide lactation pens and fed a 16% crude protein diet. The pigs were kept warm in 5.5-m x 1.8-m pens filled with straw. They were fed creep beginning 21 d after birth. Pigs were weaned at 42 d of age and then moved t o a 2.4-m x 3.6-m indoor pen with a flush gutter until they reached a market weight of approximately 90 kg. The weaned pigs were fed ad libitum amounts of an 18% crude protein diet until they reached 34 kg. After 34 kg, they were given ad libitum access t o a 16% crude protein diet.
The traits involved in these analyses were birth , and average backfat ( ABF) of first rib, last rib, and last lumbar. The scores for color, firmness, and marbling were graded on a scale from 1 to 5 and were very pale to very dark for color, very soft to very firm for firmness, and void of marbling to excessively marbled for marbling. These color, firmness, and marbling scores were scored according to the standards outlined previously (Meeker et al., 1991) . The weaning weight was adjusted to 42 d by using the formula {adjusted weaning weight = [(WWTIage at weaning) x 4211. The backfat traits and LMA measured on the carcass were adjusted by using market weight as a covariate in the model.
Genotyping at the PITl Locus
All pigs in the three-generation pedigrees were bled for PITl genotyping. Genomic DNA was isolated from white blood cells using standard techniques (Flanagan et al., 1988) . The swine PITl POU-domain cDNA fragment ) was used as a probe to analyze genomic DNA digested by BamHI and MspI endonucleases as previously described Yu et al., 1993 ). An 1746-bp fragment, which was amplified within the last three exons of PIT1, was used in PCR-RFLP analyses with RsaI endonuclease (Yu et al., 1994) .
The alleles designated for the polymorphisms detected by using the PITl POU domain cDNA and BamHI (denoted PITl BarnHI) were A (5.8 kb) and B (3.9 kb). The alleles designated for the polymorphisms detected by using the PITl POU domain cDNA and MspI (denoted PITl MspI) were C (4.5 kb) and D (3.75 kb). The alleles designated for the polymorphisms detected by using the PCR test with RsaI (denoted PITl RsaI) were E (710 bp) and F (388/322 bp). All additional RsaI fragments were monomorphic. Table 1 . The number of pigs and structure of the five reference families The frequencies of the alleles for each marker for the original F0 pigs are given in Table 2 , and frequencies of the genotypes in the F 2 pigs are listed in Table 3 .
Association Analyses
The association between the genotypes defined by the three PITl polymorphism patterns and the traits measured in the pigs was analyzed by using an animal (mixed) model in the PEST program (Groeneveld, 1990 The complete relationship matrix was computed. To estimate the ratio of error ( 4) to genetic variance ( U : ) the following procedures were used. The error variances were estimated from the mean square error from the least squares analyses involving the Table   4 .
Results
Individual PITl Markers
The animal-model analyses for each individual PITl marker based on the data from the informative litters are shown in Table 5 . W ith the PITl BamHI polymorphisms, heavier birth weight was significantly associated with the BB genotype. Differences approached significance ( P < .lo) for ABF, FRIBBF, and LRIBBF. However, the number of pigs with the BB genotype was very small, and conclusions regarding BB genotype animals should be made with extreme caution.
Differences among pigs with the PITl MspI genotypes were highly significant ( P .Ol). The CC pigs were the heaviest at birth. There were consistent differences among pigs with the PITl MspI genotypes for the different fat measurements. The CC pigs were the fattest. Significant differences among the genotypes were seen for ABF ( P < .O 1) and FRIBBF ( P < . O l ) , whereas for LRIBBF and LUMBARBF differences were close t o significance ( P < .lo). On average, pigs with the CC genotype were approximately .4 to .5 cm fatter than pigs with the CD or DD genotypes. No other differences were detected for the other growth and carcass traits. With the PITl RsaI polymorphisms, no significant differences were seen for any of the traits except ADG ( P < . l ) and LMA ( P < . O W The pigs with EE and EF genotypes had 3.9 cm2 more LMA.
The PITl BamHI, PITl MspI, and the PITl RsaI individual genotypes are closely linked though we saw one recombinant. This may be a true recombinant or an error in pig identification. That pig was retested and showed the same RFLP pattern, and thus there was no genotyping error for that sample.
Discussion
The study of candidate genes is one method to determine whether specific genes are significantly associated with performance traits in livestock. For obvious reasons, several researchers have investigated growth hormone effects in cattle and pigs (Nielsen and Larsen, 1992; Rocha et al., 1992) . Pit-l is a pituitary-specific activator of the growth hormone c * gene (Castrillo et al., 1989; Mangalam et al., 1989) . Pit-l can activate the prolactin gene in cell culture (Ingraham et al., 1990a,b) , and Pit-l is involved in 3s thyroid stimulating hormone thyrotropin) 2s expression (Steinfelder et al., 1992 cies in both rodents and humans (Li et al., 1990 ; L E 2L: PfaMe et al., 1992; Radovick et al., 1992) . Given the 2 2 g role that PITl plays in growth, it may be a potential 2 2
candidate gene for marker-assisted selection programs.
We have investigated the genetic variability at the porcine PITl locus. Previous research has revealed Duroc and Hampshire (Yu et al., 1994) . We believed
that, with these polymorphisms and the genetic M-8 ui differences observed between the breeds, we would be .-2 c + " 9 9 v able to detect whether there were significant associa-
tions between the PITl gene and growth and carcass traits in our swine referencehesource families.
When PITl MspI genotypes were tested, the pigs that were homozygous for the "Chinese" PITl C alleles 5 3 3 had the heaviest birth weights and were the fattest at Considering PITl as a candidate gene, we assume all D alleles, from either the Chinese or American breeds, have the same effect on pig performance in our analyses. If PITl is thought not to be a QTL itself but a genetic marker for QTL, then it would be important to determine whether the alleles (chromosome pieces) came from the American or Chinese breeds. Obviously the C allele comes from the Chinese breeds only (Table 2) would actually dilute the effect associated with the D allele 'and lessen the probability of significant differences among CC, CD, and DD genotype animals. However, as stated previously, we believe PITl to be a candidate gene rather than linked to a QTL. Recently QTL have been found in resource families produced by crosses of wild boar and Swedish Yorkshire pigs (Andersson et al., 1994) . A growth QTL had been shown to be on chromosome 13. We have recently mapped (Archibald et al., 1994) PITl to the region near the chromosome 13 QTL described by Andersson et al. (1994) . Our results may suggest that PITl is the QTL seen by Andersson et al. (1994) .
This study is the first to investigate the role of PITl in growth and carcass traits in pigs. Although data sets for some of the individual PITl genotypes were limited, these results suggest that PITl or a closely linked gene to PITl may be important in birth weight and carcass fat traits in swine. Additional populations will be required to repeat these analyses to confirm our results.
Implications
The ultimate goal of gene mapping in livestock is to identify and map genes that affect traits of economic performance. This study reports the association of PIT1, which is a pituitary-specific transcription factor that regulates growth hormone, prolactin, and thyrotropin 0 subunit genes, with pig growth and carcass traits. Results suggest that, in synthetic lines involving Chinese germplasm, PITl polymorphisms may be useful for marker-assisted selection t o reduce fat in the carcass.
Because no association was seen between alleles found in high frequency in American breeds and growth and carcass traits, then its use in breeding programs using only American breeds may be limited. Further analyses using different restriction enzymes to identify other PITl alleles in U.S. breeds of pigs could be useful. Additional studies to identify the relationship of both microsatellite markers and candidate genes with growth and carcass traits in pigs will be needed if marker-assisted selection programs are t o become a reality for swine.
